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Introduction
Since the turn of the 1990's, the imperative of knowledge economy has emerged as a key in the OECD and World Bank reports (World Bank, 2007; Peter, 2008; Weber, 2011) . It is now well documented that knowledge created through innovation and technological progress is the long-term driver of economic growth. The challenge of employment creation in Africa has been the focus of high-level political attention in the recent past (Economic Commission for Africa, 2007) 2 . Thus, in line with this high level attention on employment issues, the Committee for Development Information (CODI-V) has centered its theme on:
employment and knowledge economy.
Financial intermediation has been well documented as indispensible in channeling mobilized resources to economic operators who represent an important source of employment. The goal of this paper is to assess how financial sector competition play-outs in the development of knowledge economy (KE). Understanding how the growth of different financial sectors play-out in the growth of KE dimensions is crucial in developing economies because, unlike the developed world, the informal and semi-formal financial sectors play an important role in economic development (Demetriades & Hussein, 1996; Khumbhakar & Mavrotas, 2005; Ang & McKibbin, 2007; Abu-Bader & Abu-Qarn; 2008; Asongu, 2011) 3 .
Therefore, this study contributes at the same time to the macroeconomic literature on measuring financial development and response to the growing field of knowledge economy by means of informal sector promotion, micro finance and mobile banking. It suggests a practicable way to disentangle the effects of various financial sectors on different components of KE 4 . Understanding this nexus is crucial because information about the impact of finance on economic growth will influence the priority that policy makers and advisors attach to reforming financial sector policies.
Specifically, the paper's contribution to the literature is fivefold. Firstly, it investigates if the equation of financial depth (in the perspective of money supply) to liquid liabilities in the financial development literature represents a substantial empirical hollow that could undermine the finance-KE nexus. Secondly, it deviates from previous research that does not incorporate all dimensions of KE and provides an exhaustive assessment with six KE dynamics. Thus, in contrast to mainstream approach to the phenomenon (which is premised for the most part on one or two dimensions of KE), this paper employs all of the four components in the World Bank's Knowledge Economy Index (KEI): economic incentive, innovation, education and information infrastructure. Thirdly, a great chunk of research on KE focuses on developed and the emerging economies of Latin America and East Asia. Thus, the scanty evidence of the nexus in SSA and MENA countries is a missing strand motivating this paper. Fourthly, while some aspects of KE might have been investigated prior to the availability of data on information and communication technology (ICT) for developing countries, the use of much recent data by this paper provides an updated account of the KEfinance nexus with more focused policy implications. Fifthly, a motivation of this work also draws from the debate on the 'East Asian miracle'. Therefore, examining how new financial dynamics could ease the path of SSA and MENA countries towards KE economies is interesting.
The rest of the paper is organized as follows. Section 2 examines existing literature in the lights of a conceptual framework and rethinking of financial development indicators. Data 4 The proposition and employment of new financial development indicators draws from recent findings which have established that the burgeoning phenomenon of mobile banking cannot be effectiveness assessed by traditional financial development measures (Asongu, 2012ab) . Hence, assessing the KE dimensions in the context of these findings could lead to interesting policy measures on how financial sector competition plays-out in enhancing KE.
and methodology are presented and outlined respectively in Section 3. Empirical analysis and corresponding discussion are covered in Section 4. Section 5 concludes.
Existing literature

Conceptual framework:
Knowledge economy and finance
In this section, we devote space to spelling-out why finance is necessary in KE. It has been well documented that financial instruments may arise to mitigate the effects of information and transaction costs. Thus in emerging to ameliorate market frictions, financial arrangements change the incentive and constraints facing economic agents. In a nutshell, financial systems have a bearing on the savings rates, investment decisions, technological innovation and long-run growth rates (Levine, 2005, p.3) . A natural extension of this thesis will imply, finance significantly influences the World Bank's KEI.
The existing theory and evidence suggest that better developed financial systems ease external financing constraints facing firms, which illuminates one mechanism via which financial development influences economic growth (Levine, 2005) and in the same vein KE.
Owing to space constraints we shall not elaborate too much on the finance-growth nexus because it has already been substantially documented in the literature. This assertion is in line with the postulation of Nobel Laureate Merton Miller (1998, p.14) who argues that: "the idea that financial markets contribute to economic growth is a proposition too obvious for serious discussion". Drawing a more retrained conclusion, Bagehot (1873) , Schumpeter (1912) , Gurley & Shaw (1955) , Goldsmith (1969) and McKinnon (1973) reject the thesis that the finance-growth nexus can be safely ignored without substantially infringing our understanding of economic growth.
Borrowing from the World Bank (2007, p.73) , a KE cannot be built without finance.
For small entrepreneurial projects in developing countries, funding needs may be relatively small and microfinance mechanisms are enough. Hence, the new sector-importance financial indicators we shall use in the empirical section of the paper will incorporate informal financial development that captures these microfinance mechanisms. Spreading rapidly through-out the world following the pioneering initiative of the Bangladesh Grameen Bank, microfinance hinges on the social responsibility of borrowers belonging to a narrow group to ensure repayment. Other entrepreneurial projects require a substantial amount of development capital. Indeed a broad range of financial services is necessary to support growth and entrepreneurship in knowledge-based economies in the developing world, as elsewhere (World Bank, 2007) .
Knowledge economy for SSA and MENA: Why? What? How?
The governments of The Newly Industrialized Economies (Hong Kong, Korea, Taiwan & Singapore), Malaysia and China led by Japan are playing a substantial role in their moving towards 'knowledge-based economy' from the 'product economy' in the postindustrialization period (Chandra & Yokoyama, 2011) . The main idea is that, the process of creation and diffusion of knowledge depends on financial sectors that are the outcome of financial policies. Therefore, it is important to identify how financial sectors promote the diffusion of knowledge. Reflecting the "East Asian Miracle" in the context of SSA and MENA countries, this section will be elucidated in two strands: the first stressing the imperative of assessing KE in Arab states and the second discussing the need to investigate the phenomenon in SSA.
The current climate and future prospects in education, innovation and technology concludes that insofar as the main cultural underpinnings of KEs are concerned (education, innovation and technology), the Arab countries may be on arid grounds but not in a total dessert. It further asserts there are a few oases with more being planted and much more needed to be done specifically on the KE determinants (Bizri, 2009 (Aubert & Reiffers, 2003, p.1) . Hence, this work will contribute to these issues by assessing how financial sector competition plays-out in enhancing various dimensions of KE.
The finance parameter is also very relevant in MENA countries. According to the World Bank (2007, p.74) , early efforts to develop Small and Medium Enterprise (SME) financing were limited to encouraging banks to extend existing services to the SME sector (European Commission). Later, a novel form of funds, known as 'general funds' was put in place. They were general in the perspective that, they would consider investing in almost any sector and at almost any stage of financing. However, they faced an uphill battle because company owners unfamiliar with finance had difficulty understanding their potential importance. Also, many owners were reluctant to take advice from relatively young fund 5 United Nations Development Program.
managers. A second generation of funds shows a tendency toward market segmentation.
Funds now target specific-sectors such as agro-food, tourism and information technology.
Faced with the specialization of funds in financing enterprises, some governments (in Morocco) for instance have established a regional investment center that carter for the needs of foreign investors as well as those local entrepreneurs and business people who might need access to finance for growth and expansion.
In the second strand, we discuss the need for assessing KE in SSA. Africa remains the world's poorest inhabited continent despite its abundance in minerals and human resources.
Presently, the continent is lagging behind in the KEI: a benchmark used to measure the knowledge infusion in an economy. The global knowledge revolution is an opportunity for Africa which has missed the industrial era. Owing the South Korean example, Africa needs the four pillars of KE more than ever for its development: a sound economic incentive and institutional regime; an educated and creative population; a dynamic information infrastructure and; an efficient innovation system. 
Rethinking financial indicators and propositions
Rethinking financial development indicators
In accordance with Asongu (2011 , financial development indicators have been universally employed without due regard to regional/country specific financial development realities (contexts). The application of some indicators for example hinges on the presumption that they are generally valid (Gries et al., 2009) 7 . As far as we have searched, but for Beck et al. (1999) and Asongu (2011 , the absence of studies that underline the quality of financial development indicators with respect to contextual development concerns begs the search for the missing link.
It has been well documented that the financial depth indicator as applied to developing countries is very misleading as it does not integrate the realities and challenges of financial intermediary development (Demetriades & Hussein, 1996; Khumbhakar & Mavrotas, 2005; Ang & McKibbin, 2007; Abu-Bader & Abu-Qarn; 2008; Asongu, 2011 
Existing empirical solutions
Money supply (M2/GDP) which represents the money stock has been widely employed as a standard measure of liquid liabilities in many studies (World Bank, 1989; King & Levine, 1993) . Whereas, this proxy maybe quasi-true in the developed world, its application to developing countries has faced substantial criticisms. Critics stress that in less developed countries; an improvement in M2 may reflect an extensive use of currency rather than an increase in bank deposits. In a bid to address this problem in empirical literature, a number of solutions have been suggested.
Firstly, in an attempt to curtail this shortcoming, Demetriades & Hussein (1996) Gries et al., 2009) . By so doing, they decrease the dimensionality of the set of variables without losing much information from the initial data on the one hand; and on the other hand, decrease problems related to the quality of M2 as a proxy for liquid liabilities. The set-back of this approach is that, for the most part, M2 is mixed with concepts of financial activity (private domestic credit/GDP), financial size (deposit bank assets/central bank assets plus deposit bank assets), financial allocation efficiency (bank credit/bank deposits)…etc.
Thirdly, Asongu (2011 Asongu ( , 2012a has addressed this problem in the finance-growth literature without mixing-up financial concepts. He has provided a practical way of disentangling the effects of formal, semi-formal and informal financial development sectors contained in M2. In opposition to other solutions highlighted above, the present study best fits into the context of Asongu (2011; 2012a) because it seeks to capture the role of financial sector importance in KE.
Propositions
Financial development could be seen from indirect (financial intermediary development-through the banking sector) and direct (via financial markets) perspectives. The context of this study is limited to the former type. Borrowing from Beck et al. (1999) , indirect indicators could further be classified into financial development dimensions of depth (M2), allocation efficiency 9 , activity 10 and size 11 . Amongst these indicators, M2 for financial depth is the most widely used in the finance-growth literature. By disentangling M2 into its inherent constituents and relaxing the IFS definition of the financial system, the following propositions inspired by Asongu (2011 Asongu ( , 2012a are derived.
Propositions in Table 1 are based on a rethinking of the IFS (2008) definition of the financial system as elucidated in Section 2.2 above and summarized in Appendix 4. The Asongu (2011 Asongu ( , 2012a definition integrates a previously missing informal financial sector component into the definition of the financial system. Thus, the empirical section of this paper which is based on this new financial system definition will test the following hypotheses.
9 Bank credit on bank deposits. 10 Private domestic credit on GDP. 11 Deposit bank assets / Central bank assets plus deposit bank assets. N.B: Propositions 5, 6, 7 add up to unity (one); arithmetically spelling-out the underlying assumption of sector importance. Hence, when their time series properties are considered in empirical analysis, the evolution of one sector is to the detriment of other sectors and vice-versa.
Lines 24 and 25 of the IFS (October 2008). 13 Lines 24, 25 and 45 of the IFS (2008).
14 In undeveloped countries M2 is not equal to liquid liabilities (liquid liabilities equal bank deposits: bd). Whereas, in undeveloped countries bd/M2<1, in developed countries bd/M2 is almost equal to 1. This indicator measures the rate at which money in circulation is absorbed by the banking system. Financial formalization here is defined as the propensity of the formal banking system to absorb money in circulation. 15 This indicator measures the level at which the semi-formal financial sector evolves to the detriment of formal and informal sectors. 16 This proposition shows the rate at which the informal financial sector is developing at the cost of formal and semi-formal sectors. 17 The proposition appreciates the deterioration of the formal banking sector to the benefit of other sectors (informal and semi-formal). From common sense, propositions 5 and 8 should be perfectly antagonistic, meaning the former (formal financial development at the expense of other sectors) and the later (formal sector deterioration) should display a perfectly negative coefficient of correlation (See Appendix 2). Proposition 7 has a high positive correlation with Proposition 8 and therefore, only the former will be used in the empirical section.
Testable hypotheses
Hypothesis 1 Hypothesis 3: Introducing measures of sector importance is relevant to understand financial sector competition in KE 18 . Propositions 5, 6 & 7 will examine this hypothesis.
Scope and positioning of the paper
Much of the literature on KE has focused on the emerging economies of Latin America (Dahlan, 2007) and East Asia (Chandra & Yokoyama, 2011) , particularly on the importance of good governance in KE. Based on the analysis, a clear relationship between formal institutional quality and knowledge-based economic infrastructures have been established. To the best of our knowledge, but for a thin exception (Chavula, 2010) , the few SSA and MENA papers have been limited to one or two aspects of the phenomenon (Aubert, 2005; Britz et al., 2006; Makinda, 2007; African Development Bank, AfDB, 2007) . In order to clearly position this paper, we shall discuss the scope in two strands: policy issues on KE and KE-growth nexus.
In the first strand, while the need for policy reforms on KE determinants in the MENA countries have already been substantiated in Section 2.1.2 above 19 , Makinda (2007) provides one of the most detailed accounts of reforms required in SSA. According to Makinda, in order to rectify this gap between SSA and the Western World, African policy makers need to: (1) define the type of knowledge their countries require; (2) establish conditions for nurturing strategic leaders who will in turn, seek right forms of knowledge to tackle Africa's problems;
(3) build political and legal frameworks that encourage the absorption and application of scientific innovation and; (4) revamp universities, establish regional research centers and take capacity building more seriously. Chavula (2010) has also concluded that African countries need to direct policy efforts towards restructuring economic incentives that encourage the acquisition, adaptation and utilization of knowledge into productive use. Earlier, Britz et al. (2006) had investigated the question of whether Africa is moving towards a knowledge society and found that, Africa still has a far way to go down the road and the journey could be quickened with certain preconditions, amongst other: investment in human capital, effective stopping of brain draining, as well as effective development and maintenance of a physical infrastructure.
In the second strand, the AfDB (2007) has assessed the impact of public expenditure on the education dimension of KE and found the following: (1) in the short-term, there is a positive relationship between public expenditure on education and economic growth in Africa, as well as on knowledge generation and human capital development, which have a potential to positively affect aggregate labor productivity; (2) in the long-term however, public expenditure is negatively related to economic growth due to the often lack of capacity to retrain human capital and subsequent brain drain. Chavula (2010) 
Data and Methodology
Data
In line with the literature (Chavula, 2010; Weber, 2011) , our dependent variables are gathered from World Development Indicators (WDI). Thus, the study employs the variables identified under the World Bank's four KEI components which include: the economic environment, innovation, education and information infrastructure. We estimate panel data models for 22 MENA and SSA countries over the years 1996-2010. Whereas, the choice of this time span is premised on the motivation of obtaining results with more focused and updated policy implications, the number of countries in the sample is limited by constraints in data availability.
Financial development independent variables are propositions summarized in Table 1 above, inspired by Appendix 4. As we have earlier emphasized, we do not use traditional financial development indicators because their concept and definition fails to take into account the informal financial sector. Also, this missing segment of the IFS (2008) definition of the financial system has been used in recent studies to explain the growing phenomenon of mobile banking in the African continent (Asongu, 2012b) . And by inference we know, this burgeoning phenomenon is part and parcel of KE.
The choice of instrumental variables is critical in the analysis because, by definition they need to be linked to the independent variables and not the dependent variables. To this end we instrument our propositions with traditional financial development indicators which include: money supply; liquid liabilities; banking system efficiency; financial system activity; banking system activity; financial system activity and financial size.
We control for government expenditure, population growth, inflation and economic prosperity (GDP growth). We limit the analysis to only four control variables owing to constraints in the Overidentifying Restrictions (OIR) test for instrument validity 20 . We expect government expenditure to generally stimulate KE if resources allocated for investment purposes are not tainted with corrupt practices. While the incidence of population growth on KE depends on government policies in place, it is generally believed that population has a positive linkage with the ICT and Education dimensions of the phenomenon. We expect inflation to increases the credit aspect of economic incentive and mitigate demand for ICT 20 An OIR test is applicable only and only if there is an over-identification presence. That is, the instruments must be higher than the endogenous independent variables by at least one degree of freedom. In the cases of exactidentification (instruments equal to independent explaining variables) and under-identifications (instruments less than endogenous independent variables), an OIR test is by definition impossible.
owing to rising prices. From a broad standpoint, economic prosperity should be a natural driver of KE.
Details about descriptive statistics (with presentation of countries), correlation analysis
(showing the relationships between key variables used in the paper), and variable definitions are presented in the appendices. The 'summary statistics' (Appendix 1) of the variables used in the panel regressions shows that there is quite some variation in the data utilized so that one should be confident that reasonable estimated linkages should emerge. The purpose of the correlation matrix (Appendix 2) is to avoid issues resulting from overparametization and multicolinearity. Based on a preliminary assessment of the correlation coefficients, there do not appear to be any serious concerns in terms of the relationships to be estimated. Appendix 3 provides definitions and sources of the variables. Bases for the propositions used in the analysis are reported in Appendix 4.
Methodology
Principal Component Analysis (PCA)
Owing to high correlation between various indicators in each dimension of the KEI, one might criticize the redundancy of some information. Hence, we use principal component analysis (PCA) to reduce the dimensions of each constituent of the KEI. The PCA is a widely used statistical technique to reduce a larger set of correlated variables into a smaller set of uncorrelated variables called principal components (PC) that account for most of the information in the original data set. In the choice of the PCs, the criteria applied to determine how many common factors to retain are taken from Kaiser (1974) and Jolliffe (2002) . Hence, only PCs with an eigenvalue greater than one are retained. Note should be taken of the fact that, the first PCs are almost equal across dimensions. This result shows that one PC model is appropriate for KE dimensions in our sample. As shown in Table 2 , the first PC accounts for approximately 65% of the variation in all the four KE dimensions. Educatex for example which represents about 77% of information in the education dimension of KE is the first PC of primary school enrolment (PSE), secondary school enrolment (SSE) and tertiary school enrolment (TSE). 
Endogeneity and estimation technique
From a theoretical position, while KE cannot be built without finance (World Bank, 2007, p.73) , the reverse effect cannot be ruled-out because knowledge-based economic activities substantially contribute to financial development; as documented in very recent mobile-banking literature (Asongu, 2012ab) . This reverse causality inevitably results to endogeneity. From an empirical standpoint, the use of PCs that do not account for all information contained in constituents of each dimension of the KEI presents a concern of omitted variables which is also a source of endogeneity. To tackle this endogeneity concern, we shall examine its presence with the Hausman test before employing an estimation approach that is relevant to the outcome of the test. Either two-stage least squares (2SLS) or fixed effects (FE) regressions are contingent on the presence of this endogeneity issue.
Borrowing from Beck et al. (2003) and recent African development literature (Asongu, 2012ab ) the paper adopts a 2SLS instrumental variable (IV) estimation technique. IV estimation tackles the puzzle of endogeneity and thus avoids the inconsistency of estimated coefficients by Ordinary Least Squares (OLS) when the independent variables are correlated with the error term in the main equation. The 2SLS approach adopted will entail the following:
First-stage regression:
Second-stage regression:
In Eq. (1) Table 1 . For the first and second equations, v and u, respectively denote the error terms. Instruments include: money supply, liquid liabilities, banking system efficiency, financial system efficiency, banking system activity, financial system activity and financial size.
In the 2SLS approach, we follow three main steps: (1) justify the choice of a 2SLS over an OLS estimation technique with the Hausman-test for endogeneity; (2) verify the instruments are exogenous to the endogenous components of explaining variables (proposition channels); (3) ensure the instruments are valid and not correlated with the errorterm in the main equation with an Over-identifying Restrictions (OIR) test.
Further robustness checks
Additional robustness of the empirical analysis is ensured with the following: (1) modeling with robust Heteroscedasticity and Autocorrelation Consistent (HAC) standard errors; (2) use of different properties of the same dataset (full data, 3 year non-overlapping intervals and 5 year non-overlapping intervals) and; (3) modeling with panel Fixed Effects (FE) to control for the unobserved heterogeneity.
Empirical analysis
This section aims to investigate five main issues: (1) the capacity of the exogenous components of the propositions to explain KE dimensions; (2) The null hypothesis of the Sargan OIR test is the position that, the instruments explain KE only through propositions. In other words that, financial depth (money supply and liquid liabilities), financial efficiency (at banking and financial system levels), financial activity (from banking and financial systems perspectives) and financial size, account for KE only through propositions. A Hausman test for endogeneity precedes every 2SLS approach. The null hypothesis of this test is the stance that OLS estimates are efficient and consistent.
Therefore, a rejection of the this hypothesis points to the presence of inconsistent estimates owing to endogeneity and hence, lends credit to the choice of the 2SLS approach. Regressions by Fixed Effects are also presented in the last columns to control for the unobserved heterogeneity. Two main differences are noticeable between the 2SLS and FE regressions: (1) the Sargan OIR test is not relevant for FE regressions because its modeling is not contingent on instrumental variables; (2) the result of the Hausman test differ because the null hypothesis of the test in the TSLS (FE) approach is the position that OLS (GLS) 21 are efficient and consistent. Note should be taken of the fact that, the TSLS controls for endogeneity while the FE regressions controls just for the unobserved heterogeneity. Hence in event of conflict of interest between TSLS and FE regressions, priority will be given to TSLS because 'unobserved heterogeneity' implies endogeneity and not the other way round 22 .
Tables 4-7, present robust HAC results for various components of KE. These findings are summarized in Table 3 . The education (Table 4) , information & communication technology (Table 5) , economic incentive (Table 6 ) and innovation (Table 7) components of KE are regressed on propositions conditional on other covariates (control variables) to obtain results robust to HAC standard errors. The overwhelming rejection of the null hypothesis of the Hausman test across tables and specifications confirms the presence of endogeneity and lends credit to the paper's adoption of the 2SLS modeling approach.
As concerns the first issue, the significance of estimated coefficients across Tables 4-7 points to the explanatory power of estimated coefficients. With regard to the second issue, but for Table 5 , the null hypotheses of the Sargan OIR tests are not overwhelmingly rejected, which validates the instrumental variables. In other words, the traditional financial instrumental variables of depth, efficiency, activity and size, do not explain KE components beyond the proposed financial sector mechanisms. 21 In modeling the FE regressions, we first of all assess the presence of heteroscedasticity with the Breuch Pagan test. This has a double interest: (1) it lends credit to the use of robust HAC standard error Generalized Least Squares (GLS) with FE and; (2) it confirms the validity of controlling for heteroscedasticity in the TSLS approach with robust HAC standard errors. 22 Unobserved heterogeneity controlled by the FE regressions is only one cause of endogeneity.
The third issue (Hypothesis 1)
23
, which is accounted for only by Propositions 3 and 4 of Panel As in the tables reflects the following findings.
(1) The informal financial sector positively affects the educational dimension of KE only when the unobserved heterogeneity (a cause of endogeneity) is controlled for. However, when instrumented with traditional financial indicators, the negative incidence is not significant. (2) No significant incidence of informal finance is found on the ICT dimension. However this interpretation should be treated with caution owing to the invalidity of instruments in Table 5 . ( Hypothesis 1 Prop.3 n.a + n.a n.a n.a + + n.a n.a n.a n.a n.a Prop.4 n.a + n.a n.a n.a + + n.a n.a n.a n.a n.a 
Conclusion and policy recommendations
The governments of The Newly Industrialized Economies (Hong Kong, Korea, Taiwan & Singapore), Malaysia and China led by Japan are playing a substantial role in moving towards 'knowledge-based economy' from the 'product economy' in the postindustrialization period (Chandra & Yokoyama, 2011) . The main idea is that, the process of creation and diffusion of knowledge depends on financial sectors that are the outcome of financial policies. Therefore, it has been important to identify how financial sectors promote the diffusion of knowledge.
The existing theory and evidence suggest that, better developed financial systems ease external financing constraints facing firms, which illuminates one mechanism via which financial development influences economic growth (Levine, 2005) and in the same vein KE.
In a nutshell, financial systems have a bearing on the savings rates, investment decisions, technological innovation and long-run growth rates (Levine, 2005, p.3) . A natural extension of this thesis will imply, finance significantly influences the World Bank's KEI. Spreading rapidly through-out the world following the pioneering initiative of the Bangladesh Grameen Bank, microfinance hinges on the social responsibility of borrowers belonging to a narrow group to ensure repayment. Other entrepreneurial projects require a substantial amount of development capital. Indeed a broad range of financial services is necessary to support growth and entrepreneurship in knowledge-based economies in the developing world, as elsewhere (World Bank, 2007) .
The goal of this paper has been to assess how financial sector competition plays-out in the development of knowledge economy (KE (Asongu, 2011) 
